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Description 

VEHICLE AND METHOD FOR 
CONTROLLING REGENERATIVE BRAKING 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for controlling 

regenerative braking in a vehicle. 
[0003] 2. Background Art 

[0004] Electric vehicles, hybrid electric vehicles (HEV's), and in- 
deed any vehicle that utilizes an electric machine, such as 
an electric motor, may be configured to use the electric 
machine to provide regenerative braking to at least assist 
in stopping the vehicle. In addition, non-electric vehicles 
may also be configured to provide regenerative braking, 
for example, through the use of a hydraulic system. Re- 
generative braking provides a number of advantages over 
using a friction braking system exclusively. For example, 
the use of regenerative braking, whereby an electric motor 



provides negative torque to the vehicle wheels, reduces 
wear on the friction elements of the friction braking sys- 
tem. In addition, during regenerative braking, the motor 
can function as a generator, producing electricity that can 
be used immediately, or stored in a storage device, such 
as a battery. 

[0005] Because of the advantages associated with regenerative 
braking, current regenerative braking control systems at- 
tempt to apply the maximum regenerative braking torque 
so that overall vehicle efficiencies are maximized. It may 
be desirable to avoid this strategy, however, when the ve- 
hicle, and thus the motor, is operating at a very low 
speed. This is because although the motor is capable of 
producing very high torque at low speeds, it does so with 
poor efficiency. Therefore, the regenerative braking 
torque may be controlled to gradually reduce to zero at 
low vehicle speeds. 

[0006] one example of a control method for a regenerative brak- 
ing system is described in U.S. Patent No. 6,508,523 is- 
sued to Yoshino on January 21, 2003. The Yoshino control 
method controls the regenerative braking torque to emu- 
late the braking torque of an internal combustion engine. 
In particular, the value of the regenerative braking torque 



supplied by an electric motor is almost constant when the 
vehicle speed is above some predetermined speed. When 
the vehicle speed drops below this predetermined point, 
the regenerative braking torque is controlled to gradually 
go to zero in a way that best emulates the braking torque 
of an internal combustion engine. 
[0007] one limitation of the control system described in Yoshino 
is that it does not address the need to change the set 
point at which the regenerative braking torque begins to 
be reduced to zero. For example, as described above, the 
braking torque may be gradually blended out from some 
maximum available value to zero when the vehicle speed 
is low. There are times, however, when this strategy may 
result in undesirable vehicle behavior. One of these times 
is during heavy vehicle decelerations, where the blending 
out of the regenerative braking torque may become 
abrupt and rough. In such cases, it may be desirable to 
adjust the point at which the blending out of the regener- 
ative braking torque begins. In addition, when regenera- 
tive braking is used in conjunction with friction braking, 
there may be times when the friction braking system ex- 
periences some reduced braking capability. In these cases, 
it may be desirable to begin the blending out of the re- 



generative braking torque at a point that is different than 
during a heavy deceleration. 
[0008] Therefore, a need exists for a method for controlling re- 
generative braking in a vehicle which not only blends the 
regenerative braking torque from some operating level 
down to zero when the vehicle speed is low, but also uses 
different points to begin the blending out, thereby ac- 
commodating such situations as various levels of high de- 
celeration and reduced friction braking capability. 
Summary of Invention 

[0009] Accordingly, the present invention provides a vehicle and 
method for controlling regenerative braking by using dif- 
ferent points to begin or end the regenerative braking, 
thereby accommodating a wide variety of vehicle condi- 
tions, such as different levels of vehicle deceleration and 
reduced-capability friction braking. This provides advan- 
tages over vehicles and methods for controlling regenera- 
tive braking based on a single set point that is not re- 
sponsive to different vehicle conditions. 

[0010] The invention also provides a method for controlling re- 
generative braking in a vehicle having a regenerative 
braking system. The method includes determining a first 
vehicle condition when the vehicle is braking. A second 



vehicle condition is also determined, and the regenerative 
braking torque is reduced to zero. The reduction in brak- 
ing torque begins when the second vehicle condition 
reaches a first predetermined value. The first predeter- 
mined value is based on the first vehicle condition. 

[0011] The invention further provides a method for controlling a 
vehicle having a regenerative braking system. The method 
includes determining when a vehicle operator commands 
vehicle braking. At least regenerative braking is used to 
reduce a speed of the vehicle when the operator com- 
mands vehicle braking. A first vehicle condition is deter- 
mined when the vehicle is braking. A second vehicle con- 
dition is determined, and regenerative braking torque is 
reduced, when the second vehicle condition reaches a first 
predetermined value. The first predetermined value is 
based on the first vehicle condition. 

[0012] Th e invention also provides a vehicle including an electric 
machine operable to provide regenerative braking for the 
vehicle. At least one sensor is configured to detect a cor- 
responding vehicle condition, and to output at least one 
signal related to each corresponding detected vehicle 
condition. A controller is in communication with the elec- 
tric machine and the at least one sensor. The controller is 



configured to determine first and second vehicle condi- 
tions based on signals received from the at least one sen- 
sor when the vehicle is braking. The controller is further 
configured to command the electric machine to reduce re- 
generative braking torque to zero. The reduction of re- 
generative braking torque begins when the second vehicle 
condition reaches a first predetermined value. The first 
predetermined value is based on the first vehicle condi- 
tion. 

Brief Description of Drawings 

[0013] Figure 1 shows a simplified schematic diagram of a vehi- 
cle in accordance with the present invention; 

[0014] Figure 2 shows a flowchart illustrating a method of the 
present invention; 

[0015] Figure 3 shows a number of torque curves used to control 
regenerative braking in accordance with the present in- 
vention; 

[0016] Figure 4 shows a different group of torque curves used to 

control regenerative braking in accordance with the 

present invention; 
[0017] Figure 5 shows a regenerative torque curve and a friction 

torque curve controlled together to create a constant total 

torque curve; 



[0018] Figure 6 shows a regenerative torque curve and a reduced 
capability friction torque curve, which combine to create 
an inconsistent total torque curve; and 

[0019] Figure 7 shows a regenerative torque curve combined with 

a reduced-capability friction torque curve, resulting in a 

smooth total torque curve. 
Detailed Description 

[0020] Figure 1 shows a simplified schematic diagram of a por- 
tion of a vehicle 10 in accordance with the present inven- 
tion. The vehicle 10 includes a friction braking system 12, 
controlled by a brake controller 14. The vehicle 10 also 
includes a regenerative braking system 16, which is part 
of the vehicle powertrain. In particular, the regenerative 
braking system 16 includes one or more electric ma- 
chines, such as electric motors, which are operable to 
provide regenerative braking for the vehicle 10. The re- 
generative braking system 16 is controlled by a vehicle 
system controller (VSC) 18. The VSC 18 may include other 
controllers, such as a powertrain control module (PCM). In 
fact, the brake controller 14, shown in Figure 1 as a sepa- 
rate controller, may be integrated into the VSC 18. Thus, 
the various systems within the vehicle 10 can be con- 
trolled by a single controller, separate software controllers 



within a single hardware device, or a combination of sep- 
arate software and hardware controllers. 
[0021] The brake controller 14 receives vehicle operator inputs 
from a brake pedal 20, and the VSC 18 receives operator 
inputs from an accelerator pedal 22. In particular, a brake 
sensor 24 (which can be more than one sensor), is config- 
ured to detect the position of the brake pedal 20, and 
send one or more signals to the brake controller 14. Simi- 
larly, an accelerator pedal sensor 26 (which can also be 
more than one sensor), is configured to detect the posi- 
tion of the accelerator pedal 22, and send one or more 
signals to the VSC 18. The VSC 18 and the brake con- 
troller 14 use various inputs, including the inputs from 
the sensors 24, 26, to decide how to control the friction 
braking system 12 and the regenerative braking system 
16. The friction braking system 12 operates to slow the 
speed of vehicle wheels 28 through the application of one 
or more friction elements in accordance with methods well 
known in the art. Similarly, the regenerative braking sys- 
tem 16 is operable to reduce the speed of the vehicle 
wheels 28 by having at least one electric motor produce a 
negative torque which is transferred through the power- 
train to the vehicle wheels 28. 



[0022] The friction braking system 12 includes one or more sen- 
sors, represented in Figure 1 by a single sensor 30. The 
sensor 30 is configured to send signals to the brake con- 
troller 14 related to various conditions within the friction 
braking system 12. For example, if the friction braking 
system 12 should experience reduced braking capability, 
perhaps due to a loss of boost or the loss of a hydraulic 
circuit, the sensor 30 can communicate this condition to 
the brake controller 14, which in turn communicates with 
the VSC 18. Similarly, the regenerative braking system 16 
has one or more sensors, represented in Figure 1 by the 
sensor 32. The sensor 32 may detect such conditions as 
motor speed, motor torque, power, etc. The sensor 32 
communicates directly with the VSC 18, which can use 
these inputs in combination with the other inputs to con- 
trol the braking systems 12, 16. 

[0023] The vehicle 10 also includes a body/chassis system 34. 
The body/chassis system 34 includes structural elements 
of the vehicle 10, including such things as a vehicle sus- 
pension system. The vehicle wheels 28, shown separately 
in Figure 1, may be considered a part of the larger body/ 
chassis system 34. One or more sensors, shown in Figure 
1 as a single sensor 36, are configured to detect various 



conditions of the body/chassis system 34, and to commu- 
nicate with the VSC 18. The sensor 36 may detect such 
conditions as the deflection of, or the load on, various el- 
ements of the body/chassis system 34. Similarly, a sensor 
38, which represents one or more sensors, is configured 
to detect conditions of the vehicle wheels 28, including 
the wheel speed. The sensor 38 is shown in Figure 1 com- 
municating with the larger body/chassis system 34, which 
in turn communicates with the VSC 18. Alternatively, the 
sensor 38 can be directly connected to the VSC 18. 
[0024] Figure 2 shows a flow chart 40 which illustrates a method 
in accordance with the present invention. The method be- 
gins at 42, and at step 44 the total braking demands for 
the vehicle 10 are determined from driver inputs. These 
inputs may include brake and accelerator pedal positions 
as detected by sensors 24, 26. The first decision is at step 
46, where it is determined whether a braking event is in 
progress. If the inputs indicate that a braking event is not 
in progress, the process is ended. Conversely, if it is de- 
termined that a braking event is in progress, a first vehicle 
condition is determined at step 48. The first vehicle con- 
dition may be any one of a number of different vehicle 
conditions, such as friction brake capability, vehicle de- 



celeration, overall braking torque — which includes both 
friction braking and regenerative braking — overall braking 
power, overall braking force, brake pedal position, sus- 
pension load, and suspension position. 

[0025] At step 49, a first predetermined value (PV1) is deter- 
mined. As explained in more detail below, in conjunction 
with Figures 3-7, the first predetermined value is based 
on the first vehicle condition, determined in step 48. 
Thus, the first predetermined value may be different for 
different vehicle conditions. This provides an advantage 
over systems and methods which reduce regenerative 
braking torque based on a single set point that is not re- 
sponsive to the vehicle conditions. 

[0026] At step 50, a second vehicle condition is determined, and 
although this occurs chronologically after steps 48 and 49 
in the flow chart 40, it may in fact occur simultaneously or 
before either. In practice, determination of the first and 
second vehicle conditions may be on-going, such that the 
VSC 18 receives regular updates of the vehicle conditions 
at some predetermined frequency. 

[0027] The second vehicle condition determined in step 50 can 

include such things as a speed of the vehicle 10, a power- 
train torque, or a combination of vehicle speed and pow- 



ertrain torque. The second vehicle condition is then com- 
pared to a first predetermined value at step 52. For exam- 
ple, if the second vehicle condition is a vehicle speed, the 
speed of the vehicle 10 will be monitored to determine 
when it has reached some predetermined speed. Because 
a braking event is in progress, the speed of the vehicle 10 
is decreasing. Therefore, the condition in step 52 is met 
when the VSC 18 determines that the vehicle speed is at 
or below the predetermined speed. Thus, the second ve- 
hicle condition need not exactly match the first predeter- 
mined value in order for the condition at step 52 to be 
met. 

[0028] As shown in the flow chart 40, if the second vehicle con- 
dition has not reached the first predetermined value, the 
method loops back to step 50, where the second vehicle 
condition is once again determined. If the condition at 
step 52 is met, the regenerative braking torque begins to 
be reduced at step 54. If the braking event continues, the 
regenerative braking torque will be reduced to zero, as 
described in detail below. The process is then ended, as 
shown in block 56, which also occurs if, at step 46, it is 
determined that a braking event is not in progress. 

[0029] Turning to Figure 3, the method illustrated in Figure 2 is 



described in detail. Torque Curve abc represents the max- 
imum available regenerative braking torque, or regen 
limit, for a vehicle, such as the vehicle 10. Because Curve 
abc represents braking torque, it is always negative. 
Therefore, as the maximum available regenerative braking 
torque increases, Curve abc becomes more negative. 
[0030] From the graph in Figure 3, it is clear that the amount of 
regenerative braking torque available increases as the ve- 
hicle speed decreases, reaching a maximum at some rela- 
tively low speed. As discussed above, operating an electric 
motor at very low speeds is inefficient, despite having a 
large amount of torque available. Therefore, regenerative 
braking control systems may blend out the regenerative 
braking torque from some value to zero, deviating from 
the regen limit curve, in order to reduce inefficiencies. 
Thus, there is a tension between the desire to use the 
maximum amount of regenerative braking torque avail- 
able, versus the desire to reduce motor inefficiencies and 
provide a smooth braking experience for a vehicle opera- 
tor. The present invention balances these conflicting goals 
by examining various vehicle conditions, and adjusting 
the point at which the blending of the regenerative brak- 
ing torque is started — i.e., adjusting the point at which 



the regenerative braking torque deviates from the regen 
limit curve. 

[0031] | n addition to the regen limit curve and Curve abc, Figure 
3 also shows four additional torque curves: Curve adhi, 
Curve aehi, Curve afhi, and Curve aghi. The VSC 18 is 
configured to control the regenerative braking torque on 
the vehicle 10 according to torque curves similar to these. 
Of course, the torque curves shown in Figure 3 represent 
only four possible torque curves, chosen for illustration 
purposes, of an infinite number of possible torque curves. 
Each of the torque curves in Figure 3 corresponds to a 
particular first vehicle condition, such as deceleration or 
overall braking torque. 

[0032] Specifically, Curve adhi is used when the vehicle decelera- 
tion is approximately 0.8 g, or the overall braking torque 
is approximately 5000 Nm. Of course, the actual braking 
torque is dependent on several factors, including vehicle 
mass; hence, the value of 5000 Nm is used here for illus- 
trative purposes only. Similarly, Curve aehi and Curve afhi 
are used when the vehicle deceleration is approximately 
0.6 g and 0.4 g, respectively, or the overall braking torque 
is approximately 3750 Nm and 2500 Nm, respectively. 
Curve aghi is used when the vehicle deceleration is below 



0.2 g, or the overall braking torque is below 1250 Nm. For 
other vehicle decelerations, or other overall braking 
torque levels, a torque curve appropriate for the corre- 
sponding deceleration, or overall braking torque, will be 
used. 

[0033] it is worth noting that a torque curve corresponding to a 
vehicle deceleration of 0.8 g does not need to be coinci- 
dent with a torque curve corresponding to an overall 
braking torque of 5000 Nm. The same is true for the other 
three torque curves. The dual labels of deceleration and 
overall braking torque are used merely for illustrative pur- 
poses, and do not necessarily imply a coincident relation- 
ship between a particular deceleration and a particular 
overall braking torque value. For convenience, much of 
the following descriptions of Figures 3 and 4 refer exclu- 
sively to deceleration; however, it is understood that the 
same descriptions apply to overall braking torque. 

[0034] Referring back to the flow chart in Figure 2, the vehicle 
deceleration represents a first vehicle condition, which is 
determined in step 48. As described above, other vehicle 
conditions may be used instead of vehicle deceleration. 
For example, a number of torque curves could be created 
that would be used to control the regenerative braking 



based on different levels of overall braking power. Simi- 
larly, the first vehicle condition may be any one of a num- 
ber of different vehicle conditions, including overall brak- 
ing force, brake pedal position, suspension load, suspen- 
sion position, or friction brake capability. As described 
above in conjunction with Figure 1, one or more of the 
various sensors associated with each of the vehicle sys- 
tems, can send signals to the VSC 18 to provide informa- 
tion about the chosen vehicle condition. The VSC 18 can 
then use one or more torque curves, such as those shown 
in Figure 3, to control the regenerative braking of the ve- 
hicle 10. 

[0035] Returning to Figure 3, it is seen that control of the regen- 
erative braking follows the regen limit curve for high val- 
ues of powertrain torque and/or vehicle speed. At some 
point, control of the regenerative braking begins to devi- 
ate from the regen limit and the regenerative braking 
torque is blended out from some point on the regen limit 
curve down to zero. Each of the points at which one of the 
torque curves deviates from the regen limit curve — i.e., 
points d, e, f and g — represents the first predetermined 
value, used in step 52 in Figure 2. As clearly shown in Fig- 
ure 3, the point at which the torque curve deviates from 



the regen limit curve — i.e., the first predetermined value- 
rs based on the first vehicle condition, in this example, 
vehicle deceleration. Thus, unlike some regenerative 
braking control systems, the present invention uses dif- 
ferent points to begin blending out the regenerative brak- 
ing torque. 

[0036] As shown in Figure 3, the point on the torque curve at 
which blending begins is also the point of maximum re- 
generative braking torque. Because the regenerative brak- 
ing torque is blended out sooner for higher levels of vehi- 
cle deceleration, there is an inverse relationship between 
the vehicle deceleration and the maximum regenerative 
braking torque. Conversely, because higher levels of vehi- 
cle deceleration are blended out sooner, there is a direct 
relationship between the determined deceleration value 
and the powertrain torque and/or vehicle speed at which 
blending begins. 

[0037] The blending out of regenerative braking torque is shown 
in Figure 3 as following a straight line, defined by two 
points on the torque curve. For example, Torque Curve 
adhi includes a first Curve Segment dh, which is defined 
by the maximum regenerative braking torque at Point d, 
and zero regenerative braking torque at Point h. The VSC 



18 can determine when these points are reached, because 
each of these points corresponds to a vehicle condition, 
such as a powertrain torque or vehicle speed. Thus, for a 
determined deceleration of 0.8 g, the VSC 18 may control 
regenerative braking torque to begin blending out at a ve- 
hicle speed of 25 miles per hour (mph), and to end blend- 
ing at a vehicle speed of 5 mph. Similarly, if the deter- 
mined vehicle deceleration is 0.4 g, the VSC 18 may begin 
blending out the regenerative braking at a vehicle speed 
of 15 mph, while still ending it at a vehicle speed of 5 
mph. 

[0038] As an alternative to using vehicle speed as the second ve- 
hicle condition, the VSC 18 may also look to the power- 
train torque to determine when to start blending out the 
regenerative braking torque. For example, if the deter- 
mined deceleration is 0.8 g, and the vehicle speed is 25 
mph, the VSC 18 may further look to the powertrain 
torque to determine whether to begin blending out the 
regenerative braking torque. If the powertrain torque at a 
vehicle speed of 25 mph is only 1,000 Nm, then the 
blending of regenerative braking torque may be delayed. 
If, however, the powertrain torque at a vehicle speed of 25 
mph is 2,000 Nm, the VSC 18 may control the regenera- 



tive braking torque to begin blending. 

[0039] Although the blending out of regenerative braking torque 
is shown in Figure 3 as linear, it may be non-linear. For 
example, the blending out of the regenerative braking 
torque can be based on a predetermined percentage of 
the maximum available regenerative braking torque. In 
such a case, the blending would occur as a function of the 
regen limit curve, and would therefore, be non-linear for 
non-linear portions of the regen limit curve. 

[0040] | n the examples described in conjunction with Figure 3, 

the VSC 18 controls the regenerative braking torque in ac- 
cordance with a single torque curve. Because vehicle con- 
ditions change during the braking event, the VSC 18 can 
be configured to control regenerative braking according 
to more than one curve, even for a single braking event. 
When vehicle deceleration is used as the first vehicle con- 
dition, one method of using more than one curve to con- 
trol the regenerative braking in a single braking event, in- 
volves using more than one curve only when vehicle de- 
celeration increases during the braking event. Thus, if 
during the braking event, vehicle deceleration remains 
constant or decreases, the VSC 18 will control the regen- 
erative braking according to a single curve, such as Curve 



afhi in Figure 3. If, however, the vehicle deceleration in- 
creases from 0.4 g to 0.8 g during the braking event, the 
VSC 18 can begin to control the regenerative braking 
torque according to Curve afhi, and then finish the blend- 
ing based on Curve adhi. 
[0041] a s shown in Figure 3, each of the curve segments defining 
the blending out of regenerative breaking torque — i.e., 
segments dh, eh, fh, and gh — represent a change in brak- 
ing torque over some change in powertrain torque and/or 
vehicle speed. Alternatively, because the blending out of 
the regenerative braking torque occurs over a period of 
time during a braking event, each of the curve segments 
dh, eh, fh and gh, can be represented by a period of time. 
One method by which the regenerative braking torque can 
be controlled for different vehicle conditions, such as dif- 
ferent vehicle decelerations, is to use a single, constant 
time period over which to blend the regenerative braking 
torque. For example, a time period of 6 seconds may be 
chosen as the value over which the regenerative braking 
torque is to be blended out, regardless of the determined 
vehicle deceleration. Thus, points d, e, f and g, would be 
determined such that the curve segments, dh, eh, fh and 
gh were each completed in a time period of 6 seconds. 



[0042] Another way to control the blending out of the regenera- 
tive braking torque is shown in Figure 4. In Figure 4, only 
one of the torque curves follows the regen limit curve- 
-i.e., the torque curve used for vehicle decelerations less 
than 0.2 g (or overall braking torques less than 1250 Nm). 
At higher vehicle decelerations (or overall braking 
torques), the entire torque curve is shifted up, such that 
the point at which the blending out of the regenerative 
torque begins, is constant, regardless of the vehicle de- 
celeration (or overall braking torque). Although the curves 
shown in Figures 3 and 4 are based on different levels of 
vehicle deceleration (or overall braking torque), similar 
curves could be generated based on a different vehicle 
condition, such as the brake pedal position. The brake 
pedal position may be used directly, or it may be related 
to other vehicle conditions, such as overall braking power 
or overall braking force. Similarly, torque curves could be 
generated using different torque curves for different sus- 
pension loads and/or suspension positions. 

[0043] As described above, the first vehicle condition determined 
by the VSC 18 can also be a friction brake capability. Fig- 
ure 5 shows three torque curves: a regen torque curve 
(similar to the torque curves shown in Figures 3 and 4), a 



friction torque curve (representing a torque curve for a 
friction braking system, such as the friction braking sys- 
tem 12), and a constant total torque curve (representing 
the sum of the regen torque curve and the friction torque 
curve). 

[0044] | n the example shown in Figure 5, the regenerative brak- 
ing torque is controlled in a fashion similar to that de- 
scribed in Figures 3 and 4; in addition, the friction braking 
torque is also controlled, such that it increases to match 
the decreasing regenerative braking torque. This area is 
shown in Figure 5 in the oval labeled "Regen Ramp Out." 
Matching the blending out of the regenerative braking 
torque with a corresponding blending in of the friction 
braking torque may be difficult or impossible when the 
friction braking capability is reduced. For example, if a 
friction braking system experiences of a loss of boost, or 
the loss of a hydraulic circuit, it may not be possible to 
control the friction braking torque in accordance with the 
curve shown in Figure 5. 

[0045] Figure 6 illustrates the situation in which the regenerative 
braking torque follows a curve similar to that shown in 
Figures 3 and 4, but the capability of the friction braking 
system is reduced and no longer independently control- 



lable. The addition of the normal regenerative braking 
torque and the reduced capability friction torque, pro- 
duces an inconsistent total torque. Such an inconsistent 
total torque may require a vehicle operator to compen- 
sate, for example, by adjusting the brake pedal pressure. 
The present invention provides a solution to this, by 
blending the regenerative braking torque as described 
above. 

[0046] Figure 7 illustrates the present invention applied to a situ- 
ation where the friction braking torque capability is re- 
duced. In this situation, the first vehicle condition, which 
is determined in step 48 in Figure 2, is the friction brake 
capability. In this example, the second vehicle condition is 
the vehicle speed, indicated by the abscissa in the graph 
in Figure 7. The VSC 18 can reduce the regenerative brak- 
ing torque to zero, beginning at a predetermined value of 
the vehicle speed which is based on the reduced friction 
braking capability — i.e., based on the first vehicle condi- 
tion. 

[0047] a s shown in Figure 7, the regenerative braking torque is 
blended out gradually and smoothly, such that the total 
braking torque is also smooth, and has no abrupt 
changes. This provides an even, consistent feel for the ve- 



hide operator, and eliminates the need for the vehicle op- 
erator to quickly react to compensate for a sharp change 
in the braking torque. For the example shown in Figure 7, 
the first predetermined value — i.e., the vehicle speed at 
which the regenerative braking torque blending begins- 
-may be the same for any type of reduced friction braking 
capability. Alternatively, the VSC 18 may be configured to 
use different values depending on the type and severity of 
the reduced friction braking capability. 
[0048] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



